Biodegradation of nitriles is of considerable importance because of their deleterious health effects (1, 22) . The microbial metabolism of nitriles proceeds through two different pathways. Nitrilase (EC 3.5.5.1) participates in the direct conversion of nitriles to their carboxylic acids and ammonia (12, 18) . Asano et al. (2) proposed a second pathway involving a nitrile hydratase (EC 4.2.1.84) that mediates the conversion of nitriles to their amides. An amidase (EC 3.5.1.4) converts the amides to their corresponding carboxylic acids and ammonia (3) . Microorganisms that contain only nitrilase fail to metabolize amides (4, 12) .
Numerous microorganisms that utilize aliphatic nitriles have been reported (2, 3, 5, 6, 21, 23) . These organisms, which contain a nitrile hydratase and an amidase to metabolize nitriles, rarely degrade aromatic nitriles or their amides. A few microorganisms metabolize benzonitrile, an active ingredient of some widely used herbicides such as dichlobenil (2,6-dichlorobenzonitrile) , bromoxynil (3,5-dibromo-4-hydroxybenzonitrile), and ioxynil (4-hydroxy-3,5-diiodobenzonitrile). Harper isolated strains of Rhodococcus rhodochrous (7, 9) and Fusarium solani (8) 820 ,ug/ml of inoculum.
Metabolism of benzonitrile and butyronitrile by K. pneumoniae. The bacterium was cultured in a 2-liter Fernbach flask containing 500 ml of PBM supplemented with 8.4 mM benzonitrile. Samples (50 ml) were removed at 24-h intervals from 0 to 96 h. After determination of bacterial growth and ammonia, indicating cyanide cleavage (19) , the bacterial cells were centrifuged at 10,000 x g for 15 min. The supernatant was divided into two portions of 25 ml each. The pH of one portion was adjusted to 12.0 with 6 M NaOH, and the pH of the other portion was acidified to 2.0 with concentrated HCI. The supernatants were extracted with 75 ml of ethyl acetate. The ethyl acetate fractions were pooled, dried, and concentrated under vacuum at 30°C. The residues were dissolved in 2 ml of ethyl acetate before analysis by gas chromatography (GC). Benzonitrile metabolites were further confirmed by GC-mass spectrometry (MS).
The metabolism of butyronitrile was determined by culturing the bacterium in 125-ml Pyrex flasks containing 40 ml of PBM supplemented with 36 mM butyronitrile and 0.1 g of glucose per liter. Samples (3 ml) were removed at 24-h intervals, and the bacterial growth was determined. The bacterial cells were harvested by centrifugation, and the ammonia concentration of the supernatant was determined. Methylene chloride extracts of the supernatant were analyzed for metabolites by GC and GC-MS.
Enzyme assays. Cell extracts prepared as described previously (20) Similarly, the metabolites of butyronitrile were initially detected by measuring GC retention times. Analysis of a methylene chloride extract collected after 24 h indicated the partial transformation of butyronitrile to a compound with a retention time of 8.8 min (Fig. 1B) . This compound was identified as butyramide by comparing its retention time with that of an authentic standard. GC-MS analysis of the 96-h culture filtrate confirmed the presence of butyramide. The mass spectrum had prominent ions at m/z 87 (M+), 72 (M+-CH3), 71 (M+-NH2), 59 (M+-C2H4), 44 (M+-C3H7), and 43 (M+-CONH2).
The kinetics of benzonitrile metabolism indicated that the maximum accumulations of benzoate and ammonia were 4.0 and 2.7 mM, respectively, at 48 h (Fig. 2) . Similar studies with butyronitrile indicated that the maximum accumulations of butyramide and ammonia were 15 and 9.6 mM, respectively, after 48 h (Fig. 3) Enzyme assays. Nitrile hydratase and amidase activities were linear with time and enzyme and substrate concentrations. The optimal aliphatic nitrile hydratase and amidase activities were obtained with higher concentrations of substrates (10 mM). However, the optimal aromatic nitrile hydratase and amidase activities were obtained with lower substrate concentrations (1 mM). The optimal temperature II 28 NAWAZ ET AL. for both enzymes was approximately 30°C, and the enzyme activities were maximum at pH 8.0. Very little enzyme activity occurred below pH 5.5 or at higher temperatures.
The maximum enzyme activity of the isolate occurred in cells harvested after 48 h of incubation. The amidase activities with both aliphatic and aromatic amides were higher than the nitrile hydratase activity (Fig. 4) . The enzymes were more active on aliphatic butyronitrile and its amide than on aromatic benzonitrile and its amide.
DISCUSSION
Our earlier study (20) indicated that K. pneumoniae utilized benzonitrile and other aliphatic nitriles as nitrogen sources. After three subcultures at 48-h intervals on benzonitrile as the sole growth substrate, the strain utilized benzonitrile as the sole source of carbon and nitrogen (Fig.  2) . However, the adapted strain, like the unadapted isolate, needed glucose supplementation to degrade butyronitrile, an aliphatic nitrile extensively used as an industrial solvent (Fig. 3) . In addition, the adapted strain utilized a mixture of benzonitrile and other aliphatic nitriles (Table 1) . Degradation of aliphatic nitriles in the presence of benzonitrile proceeded without glucose supplementation. To our knowledge, this is the first report of a microorganism that simultaneously metabolizes of both aliphatic and aromatic nitriles.
DiGeronimo and Antoine (6) isolated a R. rhodochrous (Nocardia rhodochrous) strain that metabolized acetonitrile to acetamide, acetic acid, and ammonia. The same organism degraded propionitrile to propionic acid and ammonia, but propionamide was not detected in the culture medium. Similarly, Nawaz et al. (19) reported that Pseudomonas putida degraded acetonitrile to acetic acid and ammonia. No 
